METHOD FOR QUALIFYING DIE MATERIAL AND TESTING DIES 

(1) FIELD OF THE INVENTION 

This invention generally relates to a method for 
5 qualifying material used to construct an object and to a 
method for testing the quality of material used in the 
object and more particularly, to a method for qualifying 
die material and to a method for testing the quality of 
heat-treated steel used in the construction of a die. 

10 

(2) BACKGROUND OF THE INVENTION 

Dies are used to manufacture and create a wide 
variety of parts and components, such as those parts and 
components which are used within a vehicle. Typically 

15 these dies include a cavity which receives relatively hot 
or molten material. As the material cools within the die, 
the material is solidified and is formed into the shape 
of the die cavity which generally conforms to the shape 
of the desired part or component which is to be produced. 

20 The solidified part or component is then removed from the 
die and may be used within an assembly, such as a 
vehicle . 

The continuous and cyclic heating and cooling of 
these dies causes structural fatigue and other structural 
25 degradation, requiring these dies to be relatively 
frequently replaced. . Since these dies are relatively 
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expensive, such frequent replacement is relatively 
costly. Such frequent die replacement also undesirably 
interrupts the overall manufacturing process, thereby 
further increasing overall replacement cost. 
5 It is therefore highly desirable to produce and 

utilize dies having respective u operating lives" which 
are relatively long (i.e., which may be used for a 
relatively long period of time without experiencing 
structural fatigue or degradation) and to have a method 

i 

10 to determine whether a die has certain characteristics or 
attributes which provides for a relatively long 
"operating life" for that die. It is further and highly 
desirable to provide a test which enables a user of dies 
to determine whether a die has these certain 

15 characteristics and attributes before it is employed by 
the user in the production of parts or components. 

SUMMARY OF THE INVENTION 
It is a first object of the present invention to 
provide a method for qualifying material for use in the 

20 construction of a die which is effective to allow a die 
to be manufactured, and which has certain desirable 
attributes and characteristics that allow a die to be 
manufactured having a relatively long operating life. 
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It is a second object of the invention to provide a 
method for determining whether a die has these certain 
desirable operating life attributes and characteristics. 
It is a third object of the invention to provide a 
5 method for determining whether the material used in the 
creation of a die has certain desirable operating life 
attributes and characteristics by the use of dynamically 
configurable material property data. 

According to a first aspect of the present invention 
10 a method for qualifying material for use in the 
construction of a die is provided. The method includes 
the steps of acquiring first material from a supplier; 
determining the toughness of the first material; 
identifying the presence and amount of at least one 
15 constituent within the first material; acquiring second 
material from the supplier; identifying the presence and 
amount of the at least one constituent within the 
acquired second material only if the toughness of the 
first material exceeds a certain value; and utilizing the 
20 , second material only if the amount of said at least one 
constituent within the second material is substantially 
similar to said at least one constituent within said 
first material. 

According to a second aspect of the present 
25 invention, a method for obtaining material from a 
supplier is provided. The method includes the steps of 
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obtaining a 




rst material from the supplier; creating 




certain evaluation values by use of the first material; 
obtaining second material from the supplier; and 
evaluating the second material by use of the evaluation 
values . 

These and other features, aspects, and advantages of 
the invention will become apparent from a consideration 
of the following detailed description of the preferred 
embodiment of the invention and by reference to the 
attached drawings. 



Figure 1 is a flow chart illustrating the material 
qualifying methodology of the preferred embodiment of the 
invention; and 

Figure 2 is a flow chart illustrating the die 
qualifying methodology of the preferred embodiment of the 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF 



Referring now to Figure 1, there is shown a 
flowchart 10 which illustrates the sequence of steps 
included within the die material qualifying methodology 
of the preferred embodiment of the invention. As shown, 
the die material qualifying methodology 10 begins with an 



BRIEF DESCRIPTION OF THE DRAWINGS 



THE INVENTION 
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initial step in which material is acquired from a 

supplier who desires to provide dies or die material to a 
user or to a die supplier and/or die manufacturer. 

Step 14 follows step 12 and, in this step, the 
5 acquired material is tested in order to ascertain the 
"toughness" (i.e., resistance to structural fatigue) of 
the provided material . Toughness has been found to be an 
important attribute or characteristic of the material 
since relatively "tough" materials generally have a 
10 relatively long operating life. Hence, in the preferred 
embodiment of the invention, the supplied material must 
generally exhibit a certain toughness attribute or 
characteristic in order for it to be used in the creation 
of a die. 

15 The material toughness attribute is therefore a 

threshold "filter" with which to initially identify 
undesirable materials and suppliers. As is further and 
more completely delineated below, material obtained from 
a supplier having a certain toughness is used as a 

20 benchmark with which to evaluate other and later obtained 
material from the same supplier. Hence, the evaluation 
criteria which is used to evaluate material from a 
supplier is dynamically configurable in that it emanates 
from or is based upon material previously provided by 

25 that supplier and is "tailored" to the specific supplier 
processes which initially produced acceptable material. 
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In one non- limiting embodiment, two portions of the 
initially acquired material from a supplier are subjected 
to a "Charpy V-notch impact test" in order to determine 
the toughness of the material. Particularly, the first 
5 portion is hardened by the use of a conventional 
laboratory processed oil quench and is triple tempered to 
the target hardness, while the second portion is quenched 
and tempered by use of the "production" workpiece or tool 
which will be used to create a die. Each portion is then 

10 subjected to at least three separate "Charpy V-notch 
impact" tests at each of the respective temperatures of 
100, 212, 300, and 450 degrees Farenheit . Further tests 
in this non- limiting embodiment require each material 
portion to undergo about 15,000 "Dunker cycles" of 

15 testing without substantially evidencing cracking or 
structural fatigue, thereby evidencing the required 
material resistance to structural fatigue. In this non- 
limiting embodiment, the oil quenched specimen or 
material portion upon "passing" this toughness test, 

20 evidences the toughness of the material while the 
"machined and heat treated" material portion or specimen, 
upon "passing" this toughness test, evidences the 
acceptability of the heat treating process to which the 
production workpiece was subjected. In other non-limiting 

25 embodiments of the invention, a portion of the supplier 
provided material is further examined in order to 
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determine whetner the material is substantially free from 
"micro-banding" or alloy segregation. The determination 
is made in accordance with the published NADCA 
specification number 2 07-97 and the acceptable amount or 
5 threshold of microbanding which is utilized by the 
methodology 10 is set forth in this specification. In 
further non- limiting embodiments of the invention, yet 
another portion of the supplier provided material is 
analyzed in order to determine the grain size of the 

10 material. Particularly, the grain size is analyzed 
pursuant to the published NADCA 207-97 recommendation and 
the acceptable threshold size which is utilized by the 
methodology 10 is substantially the same size as 
published within this specification. 

15 Step 16 follows step 14 and in this step, the user 

determines whether each sample of material "passed" the 
dunker testing (i.e. did not exhibit structural fatigue 
or cracking beyond the acceptance standard) , and/or is 
substantially free from micro-banding, and/or has an 

20 acceptable grain size. If either material sample failed 
any of these previously delineated tests or analyses, 
step 16 is followed by step 18 in which the material is 
rejected for use in a die. Alternatively, step 16 is 
followed by step 20 in which yet another portion of the 

25 material is tested for other attributes or 
characteristics of the material which allow it to have 
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the requisite toughness. These desired attributes and 
characteristics are evidenced by the presence and amount 
of certain constituent elements within the material. 

Particularly, in step 20, a third portion of the 
5 obtained material is tested to determine the amount of 
carbon, manganese, phosphorous, sulfur, silicon, 
chromium, molybdenum, and vanadium which is present 
within the sample having or previously exhibiting the 
requisite toughness in the previously delineated manner. 

10 These elements have been found by the Applicant to 
cooperatively form a first "material signature" which 
represents desirable material from this supplier. These 
respective values or "material signature" then become the 
target or evaluation values which are later used to 

15 evaluate future provided samples of material from this 
supplier before that material is used in the construction 
of a die. Hence, in the preferred embodiment of the 
invention, material which is obtained from a certain 
supplier and which exhibits certain desired toughness 

20 attributes is used to generate or create certain 
evaluation values which are then used to evaluate future 
material from that supplier. 

Further, in step 20, in a non-limiting embodiment, a 
portion of this supplier provided material is examined in 

25 order to determine the amount of non-metallic inclusions 
present within the material pursuant to the published 
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"Method A" of cne ASTME-45 specification and the carbide 
content of the material is ascertained pursuant to 
published NADCA 2 07-90 recommendations. 

The inclusion content analysis, in one non-limiting 
5 embodiment of the invention, identifies the presence and 
amount of sulfide, aluminate, silicate, and globular 
oxides within the supplier provided and the examined 
material. The carbide content analysis determines the 
presence and the amount of carbide within the material. 

10 In step 22, which follows step 20, the previously 

delineated inclusion content and carbide content 
cooperate with the previously delineated composition 
content to form a second material signature which is 
"tailored" to a specific material which is provided by a 

15 certain material supplier. Each supplier may have its own 
desired or acceptable material signature. The use of such 
"tailored" signatures obviates the need for an 
"artificial" threshold which each of the suppliers must 
meet and substantially prevent a supplier form being 

20 "disqualified" even if their respective supplied 
materials are in all other respects acceptable to the 
user. Hence, the use of these dynamically configurable or 
"tailored" material signatures allows a wide variety of 
material to be used in the die creation process, thereby 

25 reducing the overall die obtainment cost and improving 
the overall accuracy of the material selection process by 
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substantially preventing the use of material which may 

meet some Artificial" standard but which fails to 

provide for the creation of a die with a relatively long 

operating life. Hence, all future material obtained from 

5 a supplier is evaluated by use of the material signature 

which was created in step 2 0 for that supplier. Hence, 

each supplier may have a unique material signature. A 

representative portion of a material signature created by 

step 2 0 is shown below: 

10 Alloy Chemical Composition Inclusion Content 

Carbon .35 -.40 Inclusions 

Manganese .40 -.5 0 Type Thin 
Heavy 

15 Phosphorus .020 Max A (sulfide) 0 0 

Sulfur .003 Max B (aluminate) 1.0 
0.5 

Silicon .30-. 50 C (silicate) 0 0 

Chromium 4.70-5.20 D (globular oxides) 1.0 
20 0.5 

Molybdenum 2.70-3.00 

Vanadium . 50- . 7 0 

Referring now to Figure 2, there is shown a 

25 flowchart 30 which illustrates the steps associated with 

the decision to accept or reject a supplied die. 

Particularly, this process begins with step 32 in which 

the die is acquired by the user from a certain supplier. 

Step 34 follows step 32 and, in this step, a sample is 
30 taken from the acquired die. Step 36 follows step 34 and, 

in this step, the sample is tested in substantially the 

same manner as delineated above with respect to step 20. 

Step 38 follows step 36 and, in this step, values are 
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created from cnis testing in substantially the same 
manner as delineated above with respect to step 20. Step 
40 follows step 38 and, in this step, the values which 
are created in step 3 8 and which form a material 
signature are compared with the values which were created 
or with the material signature which was created in the 
material qualification process which has been previously 
described with respect to flowchart 10 of Figure 1 for 
the supplier of that die. Step 42 follows step 40 and, in 
this step, the values are compared. If the values of the 
compared signatures are substantially similar, step 42 is 
followed by step 44 and the die is accepted for use. 
Alternatively, step 42 is followed by step 46 and the die 
is rejected. 

It is to be understood that the invention is not 
limited to the exact construction and embodiment which 
has been previously described, but that various changes 
and modifications may be made without departing from the 
spirit and the scope of the invention as is more fully 
delineated in the claims. 



11 



